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Abstract: A dense population of the purple sulfur bacterium Amoebobacter purpureus in the chemocline of meromictic Mahoney 
Lake (British Columbia, Canada) underwent consistent changes in biomass over a two year study period. The integrated amount of 
bacteriochlorophyll reached maxima in August and declined markedly during early fall. Bacteriochlorophyll was only Weakly 
correlated with the light intensity and water temperature in the chemocline. In the summer, bacterial photosynthesis was limited by 
sulfide availability. During this period the intracellular sulfur concentration of A. purpureus cells decreased. A minimum 
concentration was measured at the top of the bacterial layer in August, when specific photosynthetic rates of A. purpureus 
indicated that only 14% of the cells were photosynthetically ctive. With the exception of a time period between August and 
September, the specific growth rates calculated from CO 2 fixation rates of A. purpureus were similar to growth rates calculated 
from actual biomass changes in the bacterial layer. Between August and September 86% of the A. purpureus biomass disappeared 
from the chemocline and were deposited on the littoral sediment of Mahoney Lake or degraded within the mixolimnion. This rise 
of cells to the lake surface was not mediated by an increase in the specific gas vesicle content which remained constant between 
April and November. The upwelling phenomenon was related to the low sulfur content of A. purpureus cells and a low resistance 
of surface water layers against vertical mixing by wind. 
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Introduction 
Phototrophic sulfur bacteria form dense popu- 
lations where light reaches ulfide containing bot- 
tom layers of lakes and sediments. Due to their 
anaerobic oxidation of sulfide, phototrophic sul- 
fur bacteria constitute an important component 
of the sulfur cycle. In addition, anoxygenic photo- 
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synthesis can account for up to 90% of total 
photosynthetic CO 2 fixation in lakes [1]. Popula- 
tions of phototrophic sulfur bacteria often persist 
during times of very low light intensity in winter. 
This has been attr ibuted to low light adaptat ion 
of bacterial photosynthesis [2]. 
An  extremely dense layer of the purple sulfur 
bacter ium Amoebobacter  purpureus  was de- 
scribed for meromictic Mahoney Lake (British 
Columbia, Canada) and is present hroughout the 
entire year [3,4]. The biomass concentrat ion pre- 
sent in the chemocline (the layer of steep vertical 
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concentration gradients of dissolved substances 
like oxygen, sulfide, sulfate and carbonate) ex- 
ceeds all values reported so far [4] and is related 
to passive accumulation of gas-vacuolated cells. 
In recent years a large amount of purple aggre- 
gates has been observed floating at the lake sur- 
face in late summer, concurrent with a drastic 
decrease of A. purpureus biomass in the chemo- 
cline (M. Rodrigo, J.T. Beatty and K.J. Hall, 
unpublished). 
As part of a comprehensive study of the sulfur 
and carbon cycles in Mahoney Lake, we studied 
sulfide limitation and low light adaptation of 
anoxygenic photosynthesis, respiratory activity 
and changes in cellular gas vesicle content in the 
bacterial ayer, and their significance for the de- 
velopment of the population of A. purpureus over 
a two year period. 
Materials and Methods 
Sampling 
All measurements and incubations were per- 
formed on 12 dates between April 1992 and 
November 1993 at a permanent station located 
over the deepest site (14.5 m) in the center of the 
lake. Samples of the bacterial plate were col- 
lected at 2.5 cm intervals using a syringe sampler 
as described previously [4]. 
Physical measurements 
Water temperature and conductivity were 
measured with a YSI model 33 meter (Yellow 
Springs Instr., Yellow Springs, OH), with calibra- 
tion and correction of the conductivity values 
according to Hall and Northcote [5]. 
Global irradiance was recorded during sam- 
piing days on the southern lake shore with a 
Belfort pyrheliometer (Belfort Instrument Com- 
pany, Baltimore, MD). Mahoney Lake is sur- 
rounded by hills, so global irradiance varies be- 
tween different locations at the lake surface. 
Therefore the Belfort pyrheliometer was cali- 
brated by measuring irradiance at the sampling 
station with a LiCor LI-200SB pyranometer sen- 
sor. Daily global irradiance data for 1992 and 
1993 were measured with a Kipp & Zonen pyra- 
nometer model CM5 at the meteorological sta- 
tion of Agriculture Canada at Summerland (B.C.). 
The data from both locations howed good corre- 
lation (r 2 = 0.85, n = 10). 
The vertical distribution of photosynthetically 
available radiation (PAR) within the water col- 
umn was determined with a LiCor quantum me- 
ter (model 185A). 
Analytical procedures 
Sulfide concentrations above the biomass max- 
imum of A. purpureus were measured spec- 
trophotometrically [6]. 
High concentrations of polysulfides were found 
below the biomass maximum (Overmann et al., in 
preparation). The Cline method underestimates 
total sulfide if polysulfides are present [7]. There- 
fore sulfide concentrations at the biomass maxi- 
mum of the plate and below were determined by 
polarography. A set of 15 ml tubes, each contain- 
ing 0.3 ml 2 N NaOH, was sealed with butyl 
rubber septa and flushed with nitrogen for 10 
min. Ten ml of lake water from each depth were 
filtered through 0.2 ~m cellulose acetate filters 
and simultaneously injected through the septa of 
these tubes. The headspaces of all tubes were 
flushed with nitrogen and the tubes frozen on dry 
ice. Polarograms were run with a Metrohm 663VA 
dropping mercury electrode system equipped with 
a Princeton Applied Research model 174A ana- 
lyzer and a X-Y recorder (Soltec VP-6415S; Soltec 
Valley, Sun Valley, CA). Linear sweep voltamme- 
try was performed between 0 and -1 .5  V at a 
scan rate of 5 mV. s- 1 in the sampled DC mode. 
Water samples of 0.2 to 5 ml were diluted into 15 
ml of a solution of 0.2 M NaNO3/0.2 M NaHCO 3 
(pH = 9.5), which permits determination of poly- 
sulfide S(2-) and S(0) without interference at the 
Hg electrode [7]. 
Vertical diffusion fluxes Jz of sulfide were cal- 
culated from the first derivative of the vertical 
sulfide concentration profile: 
Jz (/zmol cm -2 s -1) = --DH2s/HS_" dCz/dz (1) 
where C z is the sulfide concentration (/xM) at 
depth z (m). Values of the molecular diffusion 
coefficient for sulfide, Dms/Hs_, at in situ water 
temperatures were taken from Table 2 of 
Broecker and Peng [8]. 
A modification of the method of Steinmetz 
and Fischer [9] was used to determine intracellu- 
lar sulfur. Water samples were filtered through 
precombusted glass fiber filters (Whatman GF/A  
25 mm), washed with 5 ml of N2-flushed istilled 
water and frozen on dry ice. In the laboratory the 
filters were thawed, 0.1 ml of 1 M potassium 
phosphate buffer (pH 8.75), 3.75 ml distilled wa- 
ter and 0.1 ml 1.25 M KCN were added, and the 
samples incubated at 80°C for 20 min. After 
cooling the samples to 5°C, 0.5 ml of 1.5 M 
Fe(NO3) 3 in 4 N HC104 were added, the samples 
were slowly warmed up to room temperature, 
centrifuged in an Eppendorf microfuge and the 
absorbance r ad at 460 nm. 
Sulfate was determined turbidometrically after 
precipitation with BaCI 2 [10]. 
Dissolved inorganic carbon was measured in 
triplicate samples with a Shimadzu total carbon 
analyzer (TOC-500) equipped with an autosam- 
pier (AS 1-502). The instrument was calibrated 
with solutions of Na2CO 3. 
Bacteriochlorophyll (Bchl) a was determined 
after centrifugation of water samples and extrac- 
tion of the pellet with acetone (4°C, 24 h). Ab- 
sorbance was measured at 772 nm in a Hitachi 
UV-2000 spectrophotometer. Bchl a in water 
samples from the mixolimnion was concentrated 
by filtration of 2-1 samples through a 54/~m Nitex 
screen. No Bchl a was found in the 0.2-54 /xm 
fraction. Pigment concentrations were calculated 
from the equations given by Steenbergen and 
Korthals [11]. 
Physiological parameters 
Photosynthetic CO 2 uptake in the bacterial 
layer was assessed at 5 cm intervals using the 14C 
radiocarbon method and a special incubation rack 
described previously [4]. 
Throughout he year sulfide concentrations 
within the upper part of the bacterial layer de- 
creased between sunrise and noon, and increased 
in the afternoon. In a preliminary experiment, 
sulfide limitation of anoxygenic photosynthesis 
during the incubation of a sample from the top of 
the layer was observed. Therefore 14C incorpora- 
tion in the layer was measured for 3 h around 
solar noon after spiking each sample with 200 
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/zM Na2S. Sulfide limitation was never observed 
under these conditions. 
Sulfate reduction rates were determined at 5 
cm intervals across the bacterial plate. After ad- 
dition of 3 /xCi of Na35SO4 per ml the samples 
were incubated for 8 h in the same apparatus as 
described for the 14C assimilation experiments 
above. After incubation, 0.5 ml samples were 
removed for determination of total radioactivity. 
Ten ml of the sample were injected through a 
rubber septum into a reaction vessel of an appa- 
ratus for anaerobic distillation. H2S was driven 
off at ambient temperature byflushing with nitro- 
gen and collected in two traps placed in series, 
which contained 10 ml 2% Zn(Ac) 2 and 10 /~1 
Antifoam C (Sigma, St. Louis, MO) each. After 
purging with N 2 for 5 min, the pH in each reac- 
tion vessel was adjusted to 1.0 by addition of 
concentrated HC1. Flushing continued for 15 min. 
The precipitate of both traps was combined and 
centrifuged to a final volume of 0.5 ml. Samples 
were counted in a Beckmann LS 6000 TA liquid 
scintillation counter in 20 ml Scintiverse II. 
Respiration rates were determined in natural 
samples employing a Clark type oxygen electrode 
(Model 53, Yellow Springs Instruments~ OH) in a 
thermostatted 10 ml-cuvette. For calibration, 
aliquots of oxygen-saturated potassium phosphate 
buffer (50 mM, pH 7.4) were injected. Respira- 
tion rates were calculated from the decrease of 
oxygen with time. Substrates (sulfide, thiosulfate 
and sulfite) were dissolved in degassed istilled 
water and stored under a nitrogen atmosphere 
prior to injection into the cuvette. Respiration 
rates were corrected for chemical sulfide oxida- 
tion. 
Cellular gas vesicle content 
When samples of the chemocline were exam- 
ined microscopically, gas vesicles were detected 
only in A. purpureus cells. The gas space of gas 
vesicles was measured with a capillary compres- 
sion tube [12]. In order to prevent gas bubble 
formation, samples were incubated prior to the 
measurement for 20 rain at the same temperature 
used for the pressure tube. The sample was pres- 
surized momentarily to 700 kPa and the volume 
of the gas vesicle gas space calculated from the 
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change in the position of the meniscus in the 
capillary. The maximum pressure required for the 
complete collapse of the gas vesicles in natural 
samples was determined by nephelometry [13] to 
be 500 kPa. 
Sedimentation rates 
A. purpureus cells which sedimented out of the 
mixolimnion and the bacterial plate were col- 
lected in traps positioned in the lake at 5.5 m and 
8 m (vertical positions of openings). Three 55 cm 
long, 10 cm diameter PVC tubes were suspended 
at each depth. The traps at 5.5 m were preloaded 
with 60 ml 37% formaldehyde [14], as preliminary 
experiments howed a rapid decline of Bchl in 
non-preserved traps at that depth. 
Results 
Population dynamics of Amoebobacter purpureus 
In 1992 and 1993 the total biomass of A. 
purpureus in the chemocline increased during 
spring and reached maximum values in the month 
of August. The biomass in the layer was only 
weakly correlated with the mean water tempera- 
ture in the layer (r z = 0.544, n = 12; Fig. 1A) and 
the average daily light intensity during the previ- 
ous growth interval (r 2= 0.407, n = 11; Fig. 1B). 
The maximum concentration of Bchl a was 
always found near the chemocline (Fig. 2A) and 
reached 27470 and 24650/~g 1- t  in August 1992 
and 1993, respectively. At these times the bacte- 
rial layer extended further into the mixolimnion 
than during the rest of the year. Concomitantly, a 
considerable fraction of these cells was thriving in 
water layers that contained less than 100 ~M 
sulfide. The upper boundary of the plate in Fig. 
2A is defined by a concentration of 10/.~g Bchla 
1-1 (the detection limit) and the lower limit by 
200 ~g Bchla I-x, as concentrations up to 200/ ,g 
Bchla 1-1 were also present between 7.5 and 14 
m depth. The intracellular sulfur concentration i  
A. purpureus cells sampled above the Bchl maxi- 
mum decreased by a factor of 7.4 between May 
and August 1993 (Fig. 2B). Employing the maxi- 
mum Bchl a content of 9.36 /~g Bchla (mg dry 
cell mass)-1 determined for a pure culture of A. 
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Fig. 1. Development of the purple sulfur bacterial ayer in 
Mahoney Lake and physical parameters during the study 
period. (A) Mean water temperature in the layer. (B) Inte- 
grated biomass of A. purpureus measured as bacteriochloro- 
phyll (filled circles) and mean daily quantum flux (bars) at the 
upper boundary of the layer between sampling dates. 
purpureus under light limitation, the specific sul- 
fur content varied between 3.5 and 33.8% dry cell 
mass. The latter value is close to the maximum 
sulfur content of 30% observed in a pure culture 
of Chromatium [15]. 
Daily integrals of potential anoxygenic photo- 
synthesis for the entire layer were calculated from 
photosynthetic rates measured in the presence of 
excess sulfide at each depth of the plate. The 
values were converted to mmol of redox equiva- 
lents required for photosynthesis a suming amean 
biomass composition of (C4H8OzN) [16], thus 
obtaining an average of 4.25 redox equivalents 
needed per CO 2 reduced (Fig. 3, stippled bars). 
The maximum amount of redox equivalents avail- 
able from oxidation of sulfide that either diffused 
from below into the plate (densely hatched bars), 
or which was generated by sulfate reduction 
within the plate (lightly hatched bars), was calcu- 
lated for comparison. The demand of redox 
equivalents required for anoxygenic photosyn- 
thetic CO 2 fixation exceeded the supply from 
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Fig. 2. (A) Vertical extension (• )  and position of the bacteri- 
ochlorophyll maximum (e) of the purple sulfur bacterial layer, 
(- - -) vertical position of the chemocline. Isopleths for con- 
centrations of 0.1 and 1.0 mM sulfide at sunrise are also 
shown. (B) Weighted intracellular sulfur content in A. pur- 
pureus cells sampled above the Bchl maximum. 
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Fig. 3. Requirement of anoxygenic photosynthesis for redox 
equivalents (N) compared to potentially available redox 
equivalents provided by diffusion of sulfide into ([]) and 
sulfate reduction within ([]) the bacterial plate. Calculations 
done for sampling dates between February and November 
1993 (compare with Fig. 2). 
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complete oxidation of sulfide only in May and 
July 1993 (Fig. 3). 
Values of daily photosynthetic carbon fixation 
were also used to calculate potential growth rates 
of A. purpureus at different imes during 1993. 
Carbon fixation rates were converted to Bchl a 
formed using a factor of 0.01991 mg Bchl a (mg 
cellular carbon)-1. This factor derives from the 
ratio of Bchl to dry cell mass given above and a 
carbon content of bacterial biomass of 47% (the 
biomass composition given above). With the ex- 
ception of the time interval between August 19 
and September 24 1993, our measurements of 
anoxygenic photosynthesis slightly underesti- 
mated the growth rates calculated from changes 
of Bchl a in the purple sulfur bacterial layer (Fig. 
4). Conversely, the amounts of Bchl a in the layer 
declined sharply between August and September 
despite a considerable potential growth rate cal- 
culated from the photosynthetic rate measured in 
August. 
On August 1993 the appearance of the purple 
sulfur bacterial ayer was investigated by video 
camera image in a SCUBA dive. The surface of 
the layer showed large clumps of A. purpureus 
cells protruding out of the layer (Fig. 5A). At this 
time of the year, a considerable variation in the 
vertical distribution of Bchl was observed when 
four 2.5 cm interval syringe samples were ob- 
tained consecutively, reflecting this heterogeneity 
at the surface of the bacterial ayer (data not 
shown). 
In September numerous purple bacterial ag- 
gregates were present in the mixolimnion (Fig. 
5B), changing the color of Mahoney Lake from 
the usual blue-green to purplish. 
Between February and August 1993, only 
traces of Bchl a were measured in the mixo- 
limnion (0-0.118 mg m-2), and sedimentation 
rates out of the mixolimnion (0.0423-0.0632 mg 
m -2 day -1) and out of the plate (0.0619-0.1547 
mg m -2 day -1) were also small. Although these 
values increased significantly between August and 
September 1993 (Table 1), a net loss of 1091.5 mg 
Bchl a m -2 from the purple sulfur bacterial layer 
cannot be explained by the presence of A. pur- 
pureus cells in the mixolimnion or their sedimen- 
tation towards the lake bottom. During this inter- 
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Fig. 4. Development of purple sulfur bacterial biomass (e, 
compare Fig. 1) in 1993 and expected growth of purple sulfur 
bacteria as calculated from photosynthetic rates and assuming 
exponential growth during the following time intervals (©). 
val a high amount of Bchl sedimented out of the 
mixolimnion (Table 1). In September the littoral 
sediment of Mahoney Lake was densely covered 
with a thick layer of purple sulfur bacteria. 
The yearly primary productivity of purple sul- 
fur bacteria in Mahoney Lake between November 
1992 and November 1993 was 33.5 gC m -2 
year-1. Table 1 indicates that a major portion of 
this carbon rose into the mixolimnion of the lake 
between August and September and was con- 
sumed either directly or after its deposition in the 
littoral zones of the lake. 
Physiology of A. purpureus 
In order to investigate the possibility of low 
light adaption of A. purpureus ceils, photosyn- 
thetic rates were normalized to Bchl concentra- 
tions (assimilation umber P, Fig. 6). Consider- 
able changes in the dependence of assimilation 
numbers on the in situ light intensities were ob- 
served between different sampling dates. Be- 
tween autumn and spring, assimilation umbers 
reached values up to 0.432 mgC" (mg Bchla)-t  at 
light intensities below 20/xmol m -z -1. Although 
much higher light intensities were available for 
anoxygenic photosynthesis during the summer, 
only slightly higher assimilation numbers were 
measured. The maximum assimilation number 
calculated for the top of the bacterial ayer was 
0.952 mgC (mg Bchla) -1 (on August 24 1993) 
which is 14% of the light-saturated value deter- 
mined in a pure culture of A. purpureus (dotted 
line in Fig. 6). 
Respiration rates in the dark of samples from 
the bacterial plate increased tenfold after addi- 
tion of sulfide (Fig. 7). In the presence of sulfide 
a slight inhibition of respiration was observed 
during illumination whereas the addition of KCN 
decreased the rate to the value determined in the 
absence of substrates. With thiosulfate and sulfite 
as electron donor the respiration rate reached 
only 30 and 24% of the values observed with 
sulfide. 
A vertical profile of respiration rates was mea- 
sured on September 26 1992 (Fig. 8). In the 
presence of sulfide, maximum rates were ob- 
served at a depth 5 cm below the position of the 
maximum Bchl concentration. The highest counts 
of heterotrophic bacteria were found 2.5 to 5 cm 
below the peak of Bchl a (Overmann et al., in 
preparation). 
The weighted mean of the cellular gas-vesicle 
volume of A. purpureus in the chemocline was 
relatively constant between April and November 
1993 (Table 2). The weighted mean determined 
for A. purpureus aggregates collected at the lake 
surface in winter and spring was much higher. 
These aggregates remained buoyant in Mahoney 
Lake surface water after incubation at room tem- 
perature for 24 h. In September 1993 when a high 
concentration of aggregates was present in the 
mixolimnion, 77% of the surface aggregates sam- 
pled remained buoyant but, in contrast o other 
times of the year, had a specific gas vesicle con- 
tent comparable to that of A. purpureus cells in 
the chemocline. 
After collapse of the gas vesicles in the com- 
pression tube, surface aggregates on all sampling 
dates settled when incubated in Mahoney Lake 
water. 
Discussion 
Low correlations were found between the 
biomass of A. purpureus and light or temperature 
in the bacterial ayer. In contrast, integral pho- 
totrophic bacterial biomass was correlated with 
light intensity in holomictic Lake Cis6 [17]. This 
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Fig. 5. (A) Surface of the bacterial layer at 6.7 m depth viewed at an angle of 45 ° from above with an underwater video camera in 
Mahoney Lake on August 19 1993. Bar = 10 cm. (B) Macroscopic aggregates of A. purpureus floating at the surface of Mahoney 
Lake (September 26 1993). Bar = 5 cm. 
316 
Table 1 
Balance of bacteriochlorophyll a (mg m 2) of the bacterial 
layer in Mahoney Lake for the time period August 19 to 
September 24 1993. 
Layer August 19 September 24 Differences 
Plate 1366.3 196.2 - 1170.1 
Mixolimnion * 0.01 40.5 40.5 
(O-6.8 m) 
Sedimentation out of plate (8 m sediment trap) 38.0 
Net loss of Bchl a - 1091.6 
Sedimentation out of mixolimnion 276.2 
(5.5 m sediment trap) 
* Value corrected for the dilution of A. purpureus cells in the 
volume of upper water layers. 
indicates that additional processes are significant 
for the development of purple sulfur bacteria in 
Mahoney Lake. These factors might include: (1) 
adaptation of cells to low light intensities during 
winter [2]; (2) changes in the percentage of cells 
which are photosynthetically active; and (3) loss 
processes which vary during the year [18]. 
The assimilation umbers (P) determined in 
the bacterial ayer were significantly lower than 
those in an exponentially growing culture of A. 
purpureus at saturating light intensities (Fig. 6). If 
changes in light adaptation of anoxygenic photo- 
synthesis were the reason for the low assimilation 
numbers obtained, P would be expected to vary 
only under limiting light intensities (i.e. < 18 
~mol m -2 s -1 in Fig. 6). Lawrence et al. [2] 
postulated low light adaptation of Chlorobium in 
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Fig. 6. Assimilation numbers P at various underwater light 
intensities measured at different times during the sampling 
period. (- - -) indicates values calculated from the growth rates 
of a pure culture of A. purpureus ML1 at 20°C [4] and 
multiplied by a factor of 0.1. 
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Fig. 7. Respiration rates measured with samples from the 
bacterial plate (August 3 1992; 6.75 m depth). Values cor- 
rected for abiotic oxidation of sulfide. Endog., endogenous 
rate; (~) no illumination or addition of KCN. Bchl a concen- 
tration 21.4 mg 1-1, T=30°C,  substrate concentrations 
(sulfide, thiosulfate, sulfite) = 50 /zM. Concentration of KCN 
= 100/zM. Light intensity = 1000 W m -2 of a tungsten lamp 
bulb. 
meromictic Waldsea Lake to explain the persis- 
tence of the phototrophic bacterial layer under a 
1 m thick ice cover during winter. However, our 
data provide no evidence for a low light adapta- 
tion of A. purpureus in Mahoney Lake. 
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Fig. 8. Vertical profile of endogenous respiration rates (o) 
and maximum respiration rates (e) in the presence of 50/xM 
sulfide in samples taken from Mahoney Lake on September 
26 1992. T = 26°C. On this day the maximum Bchl a concen- 
tration was found at 6.8 m. 
Table 2 
Bchl-specific gas vesicle volume (/xl /xg Bchla-1;  weighted 
mean) of A. purpureus cells in the bacterial plate and in 
aggregates floating at the lake surface *
Date ** Plate Surface aggregates 
10/02/93 0.0219 0.1034 
06/04/93  0.0474 0.1315 
22/05/93  0.0400 - 
24 /09 /93  0.0366 0.0305 
05 /11 /93  0.0419 0.1020 
* Only samples from the bacterial plate with Bchl concentra- 
tions above 500 ~g 1 - I  were considered. 
** No aggregates were found at the lake surface on May 22, 
July 16 and August 19, 1993 
In lower parts of the bacterial ayer the low 
values for P might in principle be due to selective 
absorption of photosynthetically usable wave- 
lengths of light by A. purpureus cells above (self- 
shading). However, at maximum light intensities 
at the top of the purple sulfur bacterial layer in 
August 1993, maximum assimilation numbers 
reached only 14% of the values measured in a 
pure culture at the same temperature (20°C). 
This indicates that a large fraction of the cells in 
the chemocline were photosynthetically inactive. 
Aggregation of A. purpureus in pure culture is 
observed exclusively under conditions of sulfide 
limitation [19]. In August, A. purpureus cells 
formed large aggregates at the top of the layer 
which seems to contradict the finding that at the 
same time less than 30% of the available sulfide 
was oxidized by bacterial photosynthesis. Since 
our measurements of photosynthetic rates under- 
estimated the calculated growth rates only by a 
factor of 0.78 during summer, this discrepancy is 
not likely to be due to experimental error. More- 
over, A. purpureus cells taken from the chemo- 
cline of Mahoney Lake at this time contained 
very small amounts of elemental sulfur. We ob- 
served that the viability of A. purpureus cells in 
pure cultures decreases during incubation of sul- 
fur-depleted cells at 20°C in the light. Therefore 
the low photosynthetic a tivity in August can be 
explained by sulfide limitation of anoxygenic pho- 
tosynthesis and concomitant loss of cell viability 
during the three previous months. A reoccurring 
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pattern of high photosynthetic rates of pho- 
totrophic bacteria in early summer and a drop in 
August was observed in a meromictic lake with 
limnological features very similar to Mahoney 
Lake [2]. Taken together, these results indicate 
that the physiological inactivation of a large frac- 
tion of anoxygenic phototrophic bacteria in 
meromictic lakes during late summer months 
might be a common phenomenon. 
The reduced photosynthetic a tivity of purple 
sulfur bacteria during August did not account for 
the amount of sulfide oxidized in the chemocline. 
Unlike purple sulfur bacteria in other environ- 
ments [20], respiratory oxidation of sulfide by A. 
purpureus cells seems to be insignificant in Ma- 
honey Lake. This compares well with the very low 
respiration rates determined in pure cultures of 
A. purpureus [21]. Highest respiration rates were 
determined with samples from beneath the maxi- 
mum of Bchl where total counts of nonpho- 
totrophic bacteria and sulfate reduction rates 
(Overmann et al., in preparation) and viable 
counts of sulfate-reducing bacteria (M. Rodrigo, 
J.T. Beatty and K.J. Hall, unpublished) reached 
maximum values. Therefore, the oxidation of sul- 
fide in the chemocline of Mahoney Lake appears 
to be catalyzed by sulfate-reducing and//or chem- 
oautotrophic bacteria. Respiration of sulfide by 
several species of sulfate-reducing bacteria was 
demonstrated byDannenberg et al. [22]. 
The losses of A. purpureus from the chemo- 
cline due to sedimentation r rise to upper water 
layers were very small during spring and early 
summer 1993. The major loss of A. purpureus 
cells from the layer in Mahoney Lake occurs by 
upwelling into the mixolimnion in the fall, and 
the subsequent degradation of the bacterial 
biomass in littoral sediments and the mixolimnion. 
Cells in pure cultures of A. purpureus were 
less dense than Mahoney Lake water only when 
they contained high amounts of gas vesicles and a 
low content of intracellular ballast compounds 
[19]. Aggregates floating at the lake surface after 
the upwelling event between August and Septem- 
ber 1993 had a cellular gas vesicle content very 
similar to cells sampled in the chemocline, but 
were less dense than lake water from the surface. 
Therefore the upwelling of aggregates to the 
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mixol imnion cannot be explained by an increase 
in cellular gas vesicle content. 
The buoyant density of intracellular sulfur is 
1220 kg m 3 [23]. In August 1993 A. purpureus 
cells contained small amounts of intracellular sul- 
fur and the plate extended further into the 
mixol imnion water than during the rest of the 
year. Carbohydrate is a major determinant  of the 
ballast mass of bacterial cells and decreases in 
pure cultures of A. purpureus from 16.3 to 4% of 
dry cell mass during the transit ion from exponen- 
tial to stationary growth phase [19]. Because of 
the presence of a large number  of chemotrophic 
bacteria in the chemocline, we could not deter- 
mine if the cellular carbohydrate content of A. 
purpureus cells decreased in parallel to intracellu- 
lar sulfur. Nevertheless, the available data indi- 
cate that such a concurrent decrease in sulfur and 
carbohydrate content is very likely, so that A. 
purpureus cells must have reached their min imum 
density values just before the upwell ing event. 
Dur ing 1993, isothermal and isohaline conditions 
from the lake surface down to the bacterial layer 
were observed only in August and September 
when the stability (resistance to vertical mixing by 
wind) of the water column above the layer was 
very small (Overmann et al., in preparation). 
Therefore, these results indicate that the appear- 
ance of the major fraction of the purple sulfur 
bacterial biomass in the mixol imnion and the 
littoral zone of Mahoney Lake is caused by the 
coincidence of a low buoyant density of the ceils 
during late summer and the low stability of the 
water layers above the chemocline. 
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